Human plasminogen kringle 1-5 inhibits angiogenesis and induces thrombomodulin degradation in a protein kinase A-dependent manner.
Kringle 1-5 (K1-5), an endogenous proteolytic fragment of human plasminogen (Plg), is an angiostatin-related protein that inhibits angiogenesis. Many angiostatin-related proteins have been identified, but the detailed molecular mechanisms underlying their antiangiogenic effects remain unclear. Thrombomodulin (TM) is a transmembrane glycoprotein that plays a major role in the anticoagulation process in endothelial cells. Previously, we demonstrated that recombinant TM could interact with Plg to enhance Plg activation. In the present study, we investigated the interaction between TM and K1-5, and their functions in endothelial cells. We found that K1-5 colocalized with TM and directly interacted with TM through the TM lectin-like domain. After K1-5 interacted with TM, it induced TM internalization and degradation. In addition, the K1-5-induced TM internalization and degradation in proteasomes after ubiquitin modification were dependent on protein kinase A (PKA). Moreover, a PKA-specific inhibitor reversed the effects of K1-5 on cell migration and tube formation. Consistent with these findings, TM overexpression resulted in increased cell migration; moreover, K1-5 inhibited the increase of TM-mediated cell migration in a PKA-dependent manner. We determined that TM acts as a K1-5 receptor and that K1-5 induces TM internalization, ubiquitination, and degradation through the PKA pathway, by which K1-5 may inhibit endothelial cell migration and tube formation.